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Abstract; In recent years, it is of great significance for urban ecological environment protection and civilization construction
to study the remediation technology and principle of garden plants to reduce air pollutants and clarify the effect mechanism

of nitrogen oxide pollution on plant physiology and ecology. In this paper, Bougainvillea spectabilis Willd seedlings were
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taken as the research object. We designed a short time high concentration of "NO, stress treatment by artificial fumigation.
Taking CK as control, the effects of 8.0 wL/L "NO, treatment and 4.0 wL/L "NO, treatment on N uptake and '*N-amino
acid content in various organs of B. spectabilis were compared in order to summarize the dynamics and metabolism of nitrogen
absorption and distribution in various organs of B. spectabilis under "N O, stress. The results showed that "NO, stress
significantly increased the " N-nitrogen content in all organs of B. spectabilis, and the leaf was the main accumulation organ
of " N-nitrogen. Compared with 4.0 wl/L and 0 pl/L. The contents of "N and "N-nitrate nitrogen in organs were
significantly increased under 8.0 wL/L treatment. Compared with 4.0 pL/L "NO, treatment , the contents of *N-ammonium
nitrogen were significantly increased except its content in leaves was significantly decreased by 54.0%. The distribution of
nitrogen in different organs of B. spectabilis was significantly different, and the general trend was leaf>root>stems under
4.0 wL/L "NO, treatment. With the increasing concentration of "NO,, the contents of "N-amino acids in all organs of B.
spectabilis under 4.0 wl/L "NO, treatment showed an increasing trend, and the distribution rate was leaf>root >stems.
Under the treatment of 8.0 pL/L, the contents of *N-amino acids in all organs did not show a uniform trend of change, and
the contents of some "*N-amino acids in all organs showed a downward trend compared with that of 4.0 wL/L. Therefore,
after different concentrations of "NO, stress, the absorption of "N and the synthesis of °N-amino acid in each organ of B.
spectabilis varied. The absorption of "N and the content of N-amino acid in each organ of B. spectabilis under 4.0 wL/L
“NO, stress showed an upward trend, and leaves were the main organs of "N and " N-amino acid accumulation. 8.0 plL/L
“NO, stress inhibited N allocation in roots and promoted N allocation in leaves and stems, with leaves being the main
organ for "N accumulation. These results provide a theoretical basis for the migraton and transformation of nitrogen oxide

pollution in plants.

Key Words: "N tracer; the stress of *NO,; different organs; nitrogen; amino acids
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Fig.1 Working flow chart of NO, fumigation experimental device
1:Ala INZIR;2:Gly HEMR;3: Val SR ;4: Leu S84R;5: e 5758418 ;6 Pro MR ;7: Asp KA SR ;8 : Met AR ;9: Clu A4 10:
Phe NS ; 11: Lys U8R ; 12 Tyr B20R
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Table 1 Cultivation environmental conditions of Bougainvillea spectabilis Willd seedlings

L/ C ZE AR/ % HEHRE/ Klux KAUE/kPa
Temperature Relative humidity of air [llumination Atmospheric pressure
25—28 60—70 26—29 99.3—99.5

1.3 57k

ARV VA AR BRI T AR 202 25 45 i e B 9 G M 2 2 Sk >, e h e i ] g e 8 3 ik
UL 3 FhENO, AR B AL B (439008 0 pl/L 4 wl/L 8 ul/L,icfF CK T (iR ) (T2 (&K
BE)) R AR E 3 A A A A 20 bR BIERP AL EREL 60 BRAEY (K 2) . AR E9 HEIT
F 5 ESEEA 8 b (I ESE R, PNO, 2 EAE YR N 23, 520 2 PR IFE T PN O, B Rl 3% 2 B R SR TR
FEEINE RO EE) AT PSR AT AR SCAR ARG I A SRAE A iy T2 200000 = AR AR (25 I, & A8 B TR T
IYE S ITRAE TR 80°C VKA, % H.

F2 AR E

Table 2 Treatment of test materials

WS/ (pL/L) SLYCAE T AR bR B/ K fit

Stress concentration Number of seedlings in one treatment Repeat Total
0(CK) 20 3 60
4(T1) 20 3 60
8(T2) 20 3 60

CK: XTHE4H Control Check;T1:4bPRZH 1 Treatment group 1;T2 . 4bPRZH 2 Treatment group 2

1.4 FbRiE k>
141 SFEME

H RAE RS T 60°C MEAR rhpt T, FHAFEES (U B 0, TS FRER 0.5 o, TR BRIR IR &AL RN AL, 8
1 IC R R R B FH AN ( Vario EL TT-Isoprime , 7 ) 22 "N &, i F FOSS #LIG 4 H sh@ 2L E
EREE,

RAEM ARSI EEME W a8, B E T .

SEEREIGE FH K1100 4 A shill 2 2 5E

PN = (PNEFFE-0.3663) XxN% ;

FARE NI BCR (%) = (a8 B N E/PNAE ) X100,
1.4.2 FHFEQY & e

() MR ESA S mE
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AU PRI SRR R R BEREAE i 0.5 g TR A T mL 30% — 5 R (FH DAl A R 34 it il 7%
) Fb A 9D (29 0.5 o) AR 24515, IHEIA 10 mL .08 A 9 mL 223 F/K , 2 BOR vhe ek | PR IE
SRS RS BB E T I BB QP I ZE 4000 1/ min, BOBE S 10 min, #5005 , W
W5 mL, EAEE 100 mL, FHIEZLH 81 Hr A0 E S A S E AR & &, FESL IR B e 2 Ak 2 1K,
(2) RS A NIRM ZAE M &
SR FH SR A 20 T 12 D0 S A A R O N T R, ELAR 00 5 BR U Weigand 48 A AOFZE >, 5 i e B
S RHEAk A1 T T A 2 5 BRI T ( Pseudom onas choreographies) (ATCC ©) 43928™ | Thg il , 3i 35 JE WA , 3&
EEpI
HHEA.
NIRRT = (NS A -0.3663) <A S AWK ;
FHAR U N-ES A IR (%)= (55458 N-IE AR S/ PN-E S A A S5 ) X100,
(3) BEAS N
SR N,O M ERE S B AR ONFERE . 2B EL S mL A94R8 FTRE 5 (NH B2 R 20—60 pmol/L) T
20 mLIBAS IR K DR AL (P97 40 pwmol H,SO, MDY IEET AEE B ) 5 F 100 SERE R P, A — 2 i MgO, 25
FEETF 37°CH 90 r/min FEIR 1% 8—10 d, BEFR&Eds , B IR i A B B 4T AR DB, FH 5 mL 5B 10K
HRRAE 1 h, 43 AW 4 mL FR S RTRE TR TS A, 0 0.3 mL B8 R R R R A AL, O 30—
40 min, FRIA —E 5 ARG 6 mol/L £hMR , % H 5 , 1A 0.5 mL R 2% TAEW, B T 37°C [120 rpm
R R F% 16 h, 853455, A 0.5 mL 5 mol/L NaOH £ 11 2 ¥, SR A& 52 [R5 4% ( Thermo253
plus , 52 [# ) SR TR 45 25 & ( PreCon-IRMS ) I 2 "N J&F |
RGN
PN atom% = (FE I FIX N atom%—FE i 25 FIERIARX "N atom %25 1) / (B bt 068 T R - 23 0 1 AR
PN-EASR S = (PN AT EE-0.3663) x B S AR
FEAR NS E B (%)= (552 E UN-EA A& 2/ P NSRS S 5 ) x100
1.4.3  UN-ZEERR G EE
DLETR 2T A A0 AR A a0, (0 A0AH €8 3% -8 be- T £ R T A o 35 42 DN 2 20 ik R AU A ) o R Tk
B s RN K L ER T ISODAT 3.0 #K(4 (2 EFEER G R A F]) |, Je R e #r—[RI 2 LL (B {3
ALFR H Ton Vantage 1.1 44 (FE2E 15855 AF) .
HHEA.

15 _ Rsamplc
8 Ny (%) = | "1 |X1000

1SN A it = (1ON-BUE R - 0.3663 ) X EL R i
B S NI AL (% ) = (4% B N-UIERR B/ ON- LR A 97 ) 100
AR ATFUFES N/ N B FERE LG R, openee HEBRARAEDI BT, B2 S9N/ N B FRELE
1.5 BdEoatr
6B 8 FH Microsoft Office Excel 2019 AbFEIF434T , 22 il H 4R A5 L& 5K FH SPSS 26.0 $4i 48 i1k 13t
T 272240 F Duncan 2 HA ) 1% 5 I8 H R Adobe Photoshop CS6 #3148 FIHE T

2 HBRESH

2.1 PNO, Wl MRS E NS AR L
Mk 3 Fin  BEE NOREE T, AR T = MM 25 B N R AN RO 1 AR AN — T
I =AM A B ONS A SN ECRHAR SR YT 8RR 2 T RE— LT s i T2 42 EIHEE
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TE =AM AT ONS R AR T2 4148 CK 4150 3 1 Fh ;T2 40558 T1 A AR 2% 5 Hh 2 S B0 g 3 1
FbHEAR 2K T L TR BE 4 IR 112.6% .363.4% 238.7% . F£ — A& B PN BCR A AL T1 410
T2 ZHAEHEAS NO,JHE i B AR CK 20 2 B0 3 b T T2 AR A T1 AL 7EAR Pl i 2 T K% 37.2% , FE 2511
Mg R E MR AR E AN ERE NO, AR B (] N N B R AR AR 5 25 5 (P =0.0001<
0.01)

£33 ARABENSEMHBMELLE

Table 3 Comparison of '*N content and distribution rate in different organs

wE B R/ (/1) PN/ (mg/g) PN/ %

Organ Stress concentration 5N content SN allocation rate
0(CK) 0.0000Bc 0.0000Be

#R Root 4(T1) 0.0110+0.0009ABb 2.2004+0.1234Aa
8(T2) 0.0234+0.0045Aa 1.3827+0.3419Ab
0(CK) 0.0000Bb 0.0000Bb

Z& Stem 4(T1) 0.0094+0.0003Bb 1.8679+0.1868Aa
8(T2) 0.0434+0.0053Aa 2.5591+0.4497Aa
0(CK) 0.0000Cc 0.0000Bb

M Leaf 4(T1) 0.4809+0.0647Bb 95.9317+0.3101Aa
8(T2) 1.6288+0.0976Aa 96.0582+0.7915Aa

INEFRFIRA R B Z B 1E 0.05 KFAFE B E 22, KRG FHFORA R B Z [ 75 0.01 K47 7E B35 122 5% CK U3 0.0 pl/L, Tl
7% 4.0 uI/L, T2 8% 8.0 pl/L
2.2 PNO, Wl TR E NS A S 'R

M 4 Fos , WE PNO, BT ASFIAL R 19 = M 45 25 B N-A A 0 1 A N A Ao LR Y AR

I T — B FEAFEZR B, N CK-T1-T2 2 B Ha i g4, HorboJn Ak v i T2 410 PN-f SR/ &=
B, A 1.1283 me/g MRAIZEZE T AR PNO KB PN- SR & 2R AR E, AT A F
PNO, e BE AL PREH , U N-AE S A BRI NS A R AR BRI P ) 2 R RE— BT i@, 7E =
HEE i B ON-H S A S AR b T2 4H8E CK I B 0 3 Bt T2 214G T1 A3 B e 3 b s 4=l
25 )Y EFHIREE R 79.5% (121.9% 1385.6% , 1E =S4 & B "N-f S A R M2 e T1 4148 CK 241
VIR P 0 I T2 ZAHER T1 HAEr b 24 B BT 82.1%  7EMR ZErP il i 35 T I 78.0% \72.8%

F4 FEBEN-WHSRIEMSEELE

Table 4 Comparison of *N-nitrate nitrogen content and distribution rate in different organs

e Jifh e e/ (/L) BN-IEASA &=/ (mg/g) PN RSB %
Organ Stress concentration !5 N-nitrate nitrogen content !5 N-nitrate nitrogen allocation rate
0(CK) 0.0000Cc 0.0000Bb
2 Root 4(T1) 0.0457+0.0008Bb 28.8450+4.6209Aa
8(T2) 0.0820+0.0105Aa 6.3478+0.7860Bb
0(CK) 0.0000Cc 0.0000Cc
ZX Stem 4(T1) 0.0367+0.0054Bb 23.1947+0.3249Aa

8(T2)

0.0815+0.0021Aa

6.3100+1.9563Bb

0(CK) 0.0000Bb 0.0000Cc
Mt Leaf 4(T1) 0.0759+0.0165Bb 47.9603+4.2959Bb
8(T2) 1.1283+0.2873Aa 87.3422+2.7423Aa

NG FRERRAFAL I Z [ 7E 0.05 K PAEAE ST , KE FRFOR AN FEA I Z [ 7F 0.01 K FAA7E 8 38 22 5 CK /43 0.0 pnL/L, Tl

f8F 4.0 pL/L, T2 {83 8.0 pl/L
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2.3 PNO, Ml N ARG E NSRS B R

W 5 Fiw, BiE "NORE T, AR T = MM S A E UN-E SRS B NS A R 2
CREE— LT RS, SRS E NS AT RN RN B E R RS E R R EEES 2R
MR, T2 4IAHES CK 4R T1 22 5% W3, Hp e 2530 B b NS A S i CK-T1-T2 2 BLE B i iy
P MEMEE T T1 AR N SR S A, 0 0.0882 mg/g, 1 = FAMFAS 28 B N-Be S AU BC R 1722 4k
ZE S AR IR B, N CK-T1-T2 Z 3B HE ka4, migent48 5 b, T1 4UAHER T2 41 PN-E s
BB F R =k 96.3413% , Al UL, PNO, i %k v 1 4 25 040 il R EZ e A k2

%5 AREEN-GEASBNSRELE

Table 5 Comparison of '*N- ammonium nitrogen content and distribution rate in different organs

B WA e/ (wL/L) S/ (/L) :N@"Sﬁﬁi/ (mg/g) :N—%Zc’?é‘»ﬁ_ﬁﬁa%/%
Organ Stress concentration Measured value *N-ammonium nitrogen . N-an‘\momum nitrogen
content allocation rate

0(CK) 0+0.00 0.0000Aa 0.0000Aa

2 Root 4(T1) 4+0.03 0.0022+0.0006Aa 2.3764+0.2099Aa
8(T2) 8+0.05 0.0524+0.0298Aa 48.5117+20.8887Aa
0(CK) 0+0.00 0.0000Ab 0.0000Bb

Z£ Stem 4(T1) 4+0.03 0.0012+0.0004Ab 1.2823+0.1739Bb
8(T2) 8+0.05 0.0150+0.0059Aa 13.9188+3.1186Aa
0(CK) 0+0.00 0.0000Bb 0.0000Bb

M Leaf 4(T1) 4+0.03 0.0882+0.0164Aa 96.3413+0.3838Aa
8(T2) 8+0.05 0.0406+0.0147ABb 37.5694+24.0072ABb

2.4 PNO, WA N AFZE P N-Z IR & = A E R L

AR 2 T = AR SRS FR AT 12 FhEIERR bR Y M fa] , A 2 Birs 12 FhE iR AT A
JEHBREAR I, RT3, 3Ead GC-MS M 5E T & IR TR A bRV T, LR R IR & i AR AR AR (X)), LABEd
5 bRIG AL Z LA bR (Y) A58 T 12 Fha SR 2 M sl lE 2 b ml 3 05 /2, W36 6 i MG R B R A
0.9915—1 Z [A] , 8145 72 B 55

12X10° |-
1.0X10° |- 6
8X10° |-

6X108 -

U7 Peak height/ 4%}
wn
©
=

4X10% -

2X108 | 12
11 /\
1

0 A o L A L L L L L A
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I5f ] Time/s

B2 ZAEEHRENESEBREILE
Fig.2 Chromatograms of amino acids in organs of B. spectabilis
1. Ala: NZ MR Alanine;2. Gly: H %R Glycine;3. Val ;4% Valine;4. Leu: 25 %R Leucine;5. lle; 5552/ Isoleucine ;6. Pro: i % /% Proline;
7. Asp: KA % MR Aspartic acid;8. Met: & % 2 Methionine;9. Glu: % % Glutamic acid; 10. Phe: 7 %2 Phenylalanine; 11. Lys: i 2 /&
Lysine; 12. Tyr: fi§ &2 Tyrosine
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x6 FERMITEM@MIAFTE

Table 6 Regression equation of amino acid derivatives

R Type IRH([:U;iTi models R A Type II:LU;(Z:TSM&; models K
WA Alanine y=25.483x+0.0662 0.9997 || KAZ i Aspartic acid  y=16.534x—0.1482 0.9951
HZ B Clycine y=16.402x+0.0289 0.9997 || %R Methionine y=5.3857x-0.0156 0.9938
R Valine y=9.2666x+0.17 0.9915 || A% Glutamic acid y=0.0711x-0.0004 0.9953
558 R Leucine y=13.704x+0.0998 0.9999 || KN %2 Phenylalanine  y=2.7885x%+0.934x+0.0204 1
SEFEER Tsoleucine y=-4.6578x>+7.4469x+0.0598 0.9998 || #i%(R Lysine y=5.4474x2+0.4237x—0.0095 0.9997
J %R Proline y=15.223x-0.0826 0.9966 || fi% %R Tyrosine y=1.9262x>+1.6461x-0.0059 0.9995

v B AR L2 LG (% ) 5 LR 3 Bk (me/g)
A3 o RRIVREE PNO, B fE AR 25 i ONGE SR S AR (R R B BT 45 A BRI PN -
B R METEUN-ZAEMR & B84k, T1 T2 % CK 432 FIHEa# T2 M4 T1 HR =R
e AR RN RN B3 LT, LIRS 121.6%—402.3% , 25110 "N-G LR & s A8tk
T1.T2 AR CK 45 EF#as T2 3 T1 AR 2R R dRIMNY B A, EFHREE N 218.1%—
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Table 7 Comparison of *N- amino acid allocation rate in different organs

i JB e BE/ (/L) BNJFECR/% (°N allocation rate)

Type Stress concentration #R Root 2% Stem M Leaf
0(CK) 0.0000Bc 0.0000Bb 0.0000B¢

Ala 4(T1) 1.5311+0.0558Ab 0.81730.0881Aa 97.6516+0.0323Aa
8(T2) 2.6431£0.4056Aa 1.1201+0.2198Aa 96.2368+0.6253Ah
0(CK) 0.0000Bb 0.0000Bb 0.0000Bb

Gly 4(T1) 1.7212+0.3137ABa 0.9083+0.2380ABa 97.3706+0.5517Aa
8(T2) 3.1280+0.6342Aa 1.3347+0.2788Aa 95.5374+0.9130Aa
0(CK) 0.0000Ab 0.0000Aa 0.0000Bb

Val 4(T1) 6.0507+4.7025Aa 2.1550+2.226Aa 91.7943+6.9251Aa
8(T2) 5.4907+0.8442Aab 2.6026+0.6860Aa 91.9067+1.5302Aa
0(CK) 0.0000Aa 0.0000Ab 0.0000Bb

Leu 4(T1) 0.6906+0.7990Aa 0.23760.0530Aa 99.0718+0.8520Aa
8(T2) 0.3912+0.0847Aa 0.2444+0.0983Aa 99.3644+0.1830Aa
0(CK) 0.0000Ab 0.0000Ab 0.0000Bb

Tle 4(T1) 1.1221+0.7221Aa 0.5408+0.2513Aab 98.3371+0.9734Aa
8(T2) 1.3296+0.0282Aab 1.0087+0.2697 Aa 97.6617+0.2978Aa
0(CK) 0.0000Ab 0.0000Ab 0.0000Bb

Pro 4(T1) 1.8268+0.8353Aa 1.4019+0.4156Aa 96.7713+1.2509Aa
8(T2) 1.9547+0.3184Aa 1.8706+0.4278 Aa 96.1748+0.7461Aa
0(CK) 0.0000Ab 0.0000Ab 0.0000Bb

Asp 4(T1) 1.7061+0.9819Aa 1.6510+0.8386Aa 96.6429+1.8205Aa
8(T2) 1.2224+0.0836Aab 1.5210+0.3493Aab 97.2566+0.4329Aa
0(CK) 0.0000Bb 0.0000Bb 0.0000Bb

Met 4(T1) 4.8384+0.2148Aa 3.71160.2736Aa 91.4500+0.4885Aa
8(T2) 3.6308+0.5835Aa 4.3008+1.0952Aa 92.0684+1.6788Aa
0(CK) 0.0000Bc 0.0000Aa 0.0000Bb

Glu 4(T1) 1.9389+0.2525Aa 0.7669+0.7713Aa 97.2942+0.5188Aa
8(T2) 0.8442+0.2994ABb 1.0542+0.2619Aa 98.1016+0.5613Aa
0(CK) 0.0000Bb 0.0000Bb 0.0000Bb

Phe 4(T1) 2.1555+0.5425Aa 0.9627+0.2687ABa 96.8818+0.8112Aa
8(T2) 1.4276+0.4296ABa 0.9090+0.1888Aa 97.6634£0.6184Aa
0(CK) 0.0000Bb 0.0000Bb 0.0000Bb

Lys 4(T1) 1.6143+0.2275Aa 1.1247+0.3196Aa 97.2609+0.5472Aa
8(T2) 2.5439+0.4997Aa 1.5417+0.2968Aa 95.9144+0.7965Aa
0(CK) 0.0000Ab 0.0000Bb 0.0000Bb

Tyr 4(T1) 5.2960+0.4653Aa 2.6269+0.3000Aa 92.0771+0.7653Aa
8(T2) 4.3380+1.7605Aa 3.5712+0.7781Aa 92.0908+2.5386Aa

Ala; TNZTR Alanine; Gly: H %2 Glycine; Val: #ZR Valine; Leu: 5% A Leucine; Tle: 57455 % MR Isoleucine; Pro: iR Proline; Asp: K&
fi# Aspartic acid; Met: ZZ R Methionine; Glu: % Z M4 Glutamic acid; Phe: K% AR Phenylalanine; Lys: 2R Lysine; Tyr: & Z AR Tyrosine
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